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(57) Abstract 

A digital broadcast transmission system (60), comprising a power amplifier (66) that amplifies an information signal to a power level 
to excite an antenna to emit a broadcast signal. An amplification processing circuitry (68, 70) processes the signal. The information signal 
is bandpass filtered. The power amplifier (66) causes non-linear distortion to the information signal. The processing circuitry (68, 70) 
causes linear distortions to the information signal. A single, memoryful filter (76) pre-distorts the information signal to compensate for all 
of the linear and non-linear distortions. The memoryful filter (76) is a volterra filter. A memoryful filter (112) pre-distorts an information 
signal to compensate for linear distortion from a power amplifier (102) and non-linear distortion from pre-ampUfication processing circuitry 
(104). Linear distortion from post-amplification processing circuitry is compensated by a linear equalizer (114). 
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BROADCAST TRANSMISSION SYSTEM WITH SINGLE CORRECTION FILTER FOR 
CORRECTING LINEAR AND NON-LINEAR DISTORTION 

The present invention relates to broadcast transmission systems and is particularly 
5 directed to compensation of distortion within a digital transmission system, such as a digital TV 

("DTV") transmission system. 

A high-speed broadcast transmission system such as a DTV broadcast system includes 
components that distort an information signal away from intended values. Specifically, the 
system includes a power amplifier that imposes non-linear distortion upon the signal, as a 
10 signal is amplified. Also, the broadcast transmission system includes filters, such as 
band-limiting niters, that impose linear distortion upon the information signal as the signal is 
filtered. 

As a result of such distortions within the transmission system, instantaneous amplitude 
variations (AM/ AM) and instantaneous phase variations (AM/PM) occur. In addition, 
15 frequency dependent amplitude and phase variations occur. It is to be appreciated that within 
a phase-amplitude modulated system, integrity of amplitude and phase must be preserved for 
optimum system performance. 

There is a need for a high-speed technique for adaptive correction of linear and non- 
linear distortion within a digital broadcast transmission system 

. 20 The present invention includes^ digital broadcast transmission system comprising 

signal provisionmeans forprpyjding anelectricalinfo^ 

for emitting a broadcast signal that conveys the contents of the information signal, amplifier 
means for amplifying the information signal to a power level suitable to excite said antenna 
means to emit the broadcast signal, said amplifier mearis^tising^on-linear distortion to the 
25 information signal, signal processing means for processing the information signal, including 
filter means for filtering uieu^cjrmatipn signal, said sign^ processing means causing linear 
distortion to,fhe information signal, and a single corrector;! pr prerdistorting the information 
signal to compensate for the linear and non-linear distortions. ... 

Conveniently, the present invention provides a digital broadcast transmission system. 
30 The system includes a signal provisionmeans for providing an dectricalinfoi^tion-conveying 
signal. Antenna means emits a broadcast signal that contains the contents of the information 
signal. Amplifier means amplifies the information signal to a power level suitable to excite the 
antenna means to emit the broadcast signal. The amplifier means causes non-linear distortion 
to the information signal. Signal processing means processes the information signal. Thesignal 
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processingmeans cav^es.Jinear distortion to the information signal. A single filter pre-distorts 
the information signal to compensate for the linear and non-linear distortions. 

Advantageously, the present invention also provides a digital broadcast system that 
mdudessigiialp^ 

5 a signal stream. Anteru* means, located at the endof tfiesignal stream, emits. a broadcast 
signal mat conveys the contents of the information signal. A plurality of components is located 
along the signal, -stream between the signal provision means and the. antenna means. The 
plurality of components causes distortion to the mfommti.onsigrmL Atleast.oneof theplurahty 
of compor^ts causes lmear distortion to.^ 

10 ofcpmponentscausesnon-^ A single filter pre-distorts 

. r inforrnation,sigr,al-, to .compensate for aU-of .me.distor^on. caused, by the nWality of 

The invention also.includes a.r^odof t transmitt|ng- ; a. broadcast signal from a digital 
, trax^mitter.said method compri^ng. providing , an infQrmation signal in digital format, 
», cottvextmgAe ^o^a^signal to.anatogiormat amplifying the analog information signal, 

.'saidstepofamplif^^^^ 
the analog mfprmation, signal prior to said st^pl ?m >m^ ste P :or ffltering prior to 
ampBfymgmdud^ filtering me analog 

, irrforrx^tion signal after said s^^ 
2 c causing ^.distortion te^^ the linear, and non-linear 

. distox1im-in..a-single^orreGt!or.:. \ „ 

. . , r . [ . .T^-present v^f^^PWM described, b^way. of example, with reference to the 
accompanying-drawings to v which: : . vn -r. : . VJ .,i ■ 
Fig.lis^^nctio^^ 
25 configured to provide one approach to distortion conrection; 

Fig. 2 is a f^mctipn bio* diagram of components of :a portion of a txar^mission system 
configured to provide distortion correction in accordance^ the present invention; 
Bg. 3 is the.rcatismissipn systems 

Fig. 4 is a diagram illustrating a manner in. which the structure of Fig. 2. determines and 

30 adapts correction; < 

Fig. 5 is a diagram similar to Fig. 2, but shows another example of system components 
configured to provide distortion correction in accordance with the present invention; and 
Fig. 6 is an expanded block diagram of components in the system for Fig. 5. 
Fig. 1 is a function block diagram of components of a portion of a digital broadcast 
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transmission system 10 that employs one tedihique oft direction for linear and non-linear 
distortion. The present invention is to unproveircrit bver the Correction techm of Fig. 1. 

*" In Fig. 1, a plurality of components of the system 
stream path 12. The data 'stream is for ah information 5 <±afa- sigriail that is transmitted at a 
5 relatively high fate. Further/ the data signal typidallyhas a relatively wide band (i.e;, 18 MHz). 

The ; high data rate and bandwidth" are related to the type/^virbnment of the system 10. 
SpedficaHy/lhe system 10 is^high definiti6h;("HD^) 'digital television ("DTV") system. The 
system lOinfcludes a pbw^ainpBfier 14, pre-ainpsigi^ (i.e.; filters and/ or 

the like) 16, ami post-ampisigFtdl ^ ^roceS r sirig c^c^ti^ (i^.> filters and/ or the"like) i 18;- The power 
10 amplifier 14 ^and the" pr6fcSH^ r ^eintry' 16; 2 18 6p6rate in analog format' arid af r a frequency 
: statable forTadi&fe 

output from the antenna 20 is at amplification power level of 50 kilowatts and is M the 1 ultrahigh 
: frequency rai^ 

The power affiplifiS^M may lie fcompr^^ If a 

is plurality of amplifying device&ls presmt/t^ 

device; The proc^ing-^cHit^^ In 

particularVthe^bk- : imp p 

Non-lifte^'di^tbrtion is imposed iipdn^e irifofo^ power amplifier 14 

during ampiificatiott'df tHe inf ohriation signal- Sp^dfiefflyltite r&hyiri6ar distortion i& directed 
20 to changes? iri ; in^tanfcan^ous : arnplitudff and pha^ variatioiis. f Tlie : prbc^sirig circuitry 16, 18, 

and in particular the bandpass filters of the processing 1 tecuitiy; ^ impose linear Reformation 

upon the information signal 'TO processing circuitry 16, the 

power amplifier 14, and the post-amp processing rirS^tiyTS^ 

non-linear distortion, and Hrieaf distortion is ii^6sedrup6fifffie ftif ormation signal as the signal 
25 proceeds toward the anterirt& j 20. 1 ^ ci _ ; < > srvo v ^ 

In the system 1 0 bfFig. %• e&df of the three "distortibtte (t'&Tliitear, non-linear, and linear) 
is corrected or compSitikt^ includes a first linear 

equalizer 22 that fonrtp^ $:e;> pre-dist&rfeyfoi'the liiieiar distortiori caiised by the post-amp 
processing dircuStiy lST-A Ko^lm distortion 
30 caused by the power amplifier 14. A second linear equalizer 26 compensates for the linear 
distortion caused by the pre-amp processing circuitry 16. 

The three compensating components 22-26 are located sequentially along the data stream 
12 of the system 10, and are located upstream of the ,f distortion causing components (i.e., the 
power amplifier 14 and the processing circuitry T6, 18). The compensating components 22-26 

3 
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operate in digital form,.. A dUgital-to-analog converter (DAQ.28 and an upconvertar 30 are 
located along the signal stream between the group of compensating components 22-26 and the 
group of distortion causing components 14-18. 

Compensation provided^ each of the compensating component 22-26 is changeable 
3 (i e adaptable), Each- compensating component ZW* requires a separate de termvnation rn 
order to accompEsh the change- of compensation (adaptation, of the pre-distortion). 
. Accordmgiy.mree determine ™« tat 

linear emtalizer 22. Tn efirs.deterr^ti TO fur^on¥9cH32i S operatively coupled to rece.ve 
» . me input 38 for One firs, linear equalizer.22 and to .receive. the output 40 of the post-amp 

: proceseingckcuitiy 18. •■!.-;•■:■-. 

- ThesecouAdetermir^oniuru^^^ 
: , provided by the no^ar correct 24. Th* -rood. oeUrrrdnation function block 34 » 
- operatively copied to.rece^e*ejn m: .« of thenorfnear corrector 24 and to receive the 

« output 44 of me power, amplifier ^*^ W «pH^**»*!-*-* , 

„ r^^^*^^^^ 1 *'™"^ 2 *- Thetrurd detonation 

, toctton block 30 is ..peratively coupled to receive the input 46 of the second Unearequanzer 

26 and to receive the output 48 of the pre-amp processing circuitry 16. . 
■ . ^taeg i^^te.OTca^nwttS":-.*?!-:- are.T™^,BK*.-»?P of ^^m-tioo xequnea 

.»» sanmlmg sign.! , values; determining needed adaptation, and applying the determined 
adaptation Assorted*** ^compensation "step", is a need for appropriate processmg 

, 1 ncc^o,a K s Bl epr (! se n tmve 0 tior t .An I oyervie W of fc^,*^**..^ 1 
» - The.componen B shownmFig,2^^^ 
system 60 sho\vii withiii Fig. 3. 

The component shown, in .Kg. 2 include a power amplifier 66. pre-amp stgnal 

- processmgdxcm^.post-amp^^^ 

,. 74. ^■^^~m*a-l^«*^»*'*t-+~*** m 

1 30 corresponding components 14-18. 28 and 30 of the system 10 of Ftg.l : 

m distinction from thesystem 10 of Fig. X the system 60 of Fig. 2 includes a non-unear 
memoryMffl,er76ins,eadof. m esequenceofmef^ 

corrector 24, and the linear equalizer 26, -Preferabiy. the non-linear memoryfal filter 76 is a 
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non-linear distortion of the downstream -components {Le;, the power amplifier 66 and the 
processing circuitry 68, 70). The volterra filter 76 is modeled by ;a polynomial. 

In order to determine adaptation, a determination function block 78 is operatively 
connected to receive the input 80 of the volterra filter 76 and the output 82 of the post-amp 
5 processing circhiitry 7C0 Accordingly, it is to be appreciated that:oxily a. single compensation 
"step" is present. Further^ it is to be 1 appreciated thaf within the single "step" of compensation, 
only one gioup of sairipliiig : : signal values is needed, only: one determination regarding 
adaptation is rieeded/knd 6nly bite application of the determined adaptation is needed. 

The systerri 60 may have Various typeset 
10 vblterra filter 76 can be configured to operate i\dtMn any'of such variation of the system 60. 

Fig. 4 is a block diagram that shows the determination of compensation and adaptation 
of theVbltmim 

r power amplifier and the 'pfb<^^siiig circuitry) 66-72'are condensed into a single block located 
downstream of the volterra filter 76: Theoutput 82 from the distortion causing components 66- 
15 72 and the input 80 are pnDvided tb the determination : f^ block 78. Within the 
^ deteri^^ 73; th4 input 80 that is provided to the volterra filter 76 is provided 

as a &st input to a coinp^ori drciiit 88 (r.ev a ? SUM circuit ha^/ing an addition input and a 
subtraction input). ~~ "~ •• * — ' v - ' v ' : •"•"•• r, T ; - ° s ~ .."Vi 

A hon-iine£i : i^emoiyfiil ^ from the distortion 

20 causing coinponlnts ainti ^u^i^ ^^1^92 tb &ie ^binparison circuit C3, : • An output 94 of the 
comparison circuit 88 is termed an eiTdr ^g^ial and 4s indicative of the amount of distortion 
(both linear and non-linear) that ^ccurs^ aii^g the 'data stream. Thus, the error signal 94 is 
indicative of the amount of distortion caused by the^distortiefn causing components 66-74. The 
error signal 94 is provi^edt a^ an input ^ non-linear 
25 memoryful filter 90 deterinijrtes an amount ^f corr^on necessary to reduce the error signal to 
zero or effectively zero (i.e., a null condition). Once the prescribed error value is reached, filter 
; coefficients are "do^ml6ad:ld to tfte^vdltefra : filter-76;'-^' a* -j > 

16 initiate thW process of ^ta4nffiir^-'£he distortion caused fov die distortion causing 
components 66-74, the vblferra filter 76 is initially disabled or turned QFF. The "OFF" state of 
30 the volterra filter 76 is represented by the switch 96 and bypass line 98 that extends around the 
volterra filter 76. Accordingly> the output from the distortion causing components 66-72 does 
not include any pre-tiistortibn imposed by the volterra filter 76, and only includes distortion 
caused by the distortion causing components. Once the non-linear memoryful filter 90 of the 
determination function makes an initial determination regarding distortion values, the non- 

5 
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linear memoryful filter 90 is downloaded to the volterra filter 76 and the switch 96 is set such 
that the volterra filter 76 is no longer by-passed (the volterra filter is turned ON). Additional 
adaptation requires this sequence to. be repeated. . 

The use of the switch 96 to initially by-pass the volterra filter 76 may be omitted such 
5 that adaptation is initially based upon the use of the volterra filter 76. The advantage of the use 
of the non-linear memoryful filter 90 (i.e;; an off-line approach) is that coefficients. can be 
adapted in groups, and the entire memory space can be used. An in-line compensator approach 
requires the memory to be reset or loaded again after each volterra kernel update. 

Another example of a system 100 in accordance w.ith ; the.present invention is shown in 
10 Fig. 5 (only the pertinent portion of the system 100 is shown in Fig. 5), The system 100 of Fig. 
■5 is similar to the system 60 of Fig, 2. Specifically, the components of the system 100 of Fig. 5 
may be part of the overall system shownin Fig. 3. 'Further, the ; system 100 of Fig. 5 includes, the 
components of-a power amplifier I02; : p're-amp processing circuitry 104, post-amp processing 
circuitry 106, a D AC 108;' and upcqnverter,110.: v - . 
15 The system 100'of Fig. 5 differs from the system? 60 of Fig- 2, in that only the linear 

distortion of the pre-amp processing circuitry 104 and ,&e non-linear distortion of the power 
amplifier 102 are corrected within a volterra filter 112 located upstream of .the DAC 108. The 
linear distortion caused%y the post-amp processing tircuitry 106is corxected via pre-distortion 
- witrun a Imear equalizer ^ • •• 

20 Adetexrruhanonfuneuonblo^ 

of the volterra filter 112 and is connected to. an output 120 of the power amplifier 102. A 
determination function block' 122 for me linear, equalizer 114 is operatively connected to the 
input 124 of the linear equalizer and the output 126 of the post-amp processing circuitry 106. 
Compared to the system M0 shownin- Fig. % the system 100 of Fig. 5 includes one less "step" of 
25 compensation (i.e., sampling, adaptation determination an&prerdistortion). Specifically, the 
functions of compensation performed by .the non-linear corrector .24 (Fig. 1) and the second 
linear equalizer 26 of the system lO.of Fig. 1 are performedby the volterra filter 112 (Fig. 5) of 

the system 100. ' '-" " • • • - r ' : '• *«•■: : : 

The use of the linear equalizer 114 upstream of the volterra filter 112 has certain benefits, 
30 especially if the post-amp processing circuitry 106 includes a high-power filter. Thehigh-power 
filter may be a relatively high order filter. As such, it requires a significant order of volterra 
filter to compensate for it In general, the order of a volterra-type filter will increase as the 
square of the system order. Whereas, a linear equalizer is typically, about the same order as the 
system for which it compensates. Therefore, if the high-power filter is compensated by linear 
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filter means external to the volterra filter, it may reduce system cost by allowing a much lower 
order volterra filter. : ' : - ( - 

Also, the high-power filter attenuates (eliminates) the high order non-linear information 
needed for noii-linear equalizer compensation. Although the information may still be there, it 
will be sufficiently attenuated- so that viery high dynamic ranges^ would be reqiiired of the 
system to provide equalization; Rather than burdein the. non-linear equalizer with the 
difficulties of high dynamic range issues, it is prudent :to:pick-off the return signal before die 
high-power filter J * ru. , : ^ ; 

A more detailed representation of the system lOO.bf Fig. 5 is shown in the Junction block 
diagram of Fig. 6. Specifically, a Nyquist filter 130 of the, 8VSBiexciter provides the information 
signal iri a digital arid coniplex-fornrtat to a GOmplex-^to-real- converter 132. The output of the 
complex-to-real converter 132 : is a digital sigrialviri real format that .^provided as thecinput to 
the linear equalized 114. The linear equalizer 114 is a digital filter that has smtable structiire for 
pre-compensating or pre-equalizing the information signal £0 ^compensate for ti^e, linear 
: distortion caused by the high-powered -filter 134. The linear equalizer 114 may be comprised, 
or include, a microprocessof 'that petforfiis a process and/or may : be comprised of, or include, 
discrete ' hard-wired'' circuitry; < ■ -i • : : : j: / - : . ; , t 

Tlie information signal passesfrbm thie linear equalizer! 14 tpthe volterra filter 112, The 
volterra filter 112 may have any smte^ the 
signal to Compensate for bofo the a power ^amplifier 102, and 

pre-amp linear distortion. The - volterra filter 1112: may feel comprised of, .or include, a 
microprocessor that performs a prdgraak pF6ceM r ^d/:br ooaay be comprised or include, discrete 
"hard-wired" circuitry. -<-*■•-■•*■•■. ~ > : : .:.-:p- ; r- r ■ -v^ i . 1.. 

In the example of Fi# 6, titte pre-amp prbcessingTcircuit^ 104 and. upconverter 110 
includes a first upconverter 136^v^ by a-f^^ filter 140, 

a second upconverter 142 driven by a second local oscillator T44,. a second bandpass filter 146, 
and a third baiidpaks filteF ; 1481-^M' addition a fourth bandpass .filter 150 is located just 
downstream of the power amplifier 102. The volterra filter 112 also corrects the distortion from 
the fourth bandpass filter 150. : ■* 

The output of the volterra filter 112 is provided to an interpolation component 152. 
Preferably, the interpolation that occurs is a factor of two. The DAC 108 receives the output of 
the interpolation component 152 and provides the signal to the first upconverter 136. 

: For the adaptation of the volterra filter 112, the sample 120 is taken after the power 
amplifier 102' and after the fourth bandpass filter 150, but prior to the high-power filter 134. 
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Along the path of the sample is located a first down-converter 154, a first low-pass filter 156, a 
second do wn-converter 158, and a second low-pass filter 160. Additionally, an analog-to-digital 
converter (A/D) ; ljS2 and a decimation (i.e., by two) function component 164 are located to 
provide the input to the correction determination function block 116 for the yolterra filter 112. 
5 The sample 126 for the linear equalizer correction determination 122 for the linear 

equalizer 114 is operatively .connected to the output of the high r power filter 134, Similar to the 
sample path for the volterra filter correction determination 116, the path for the linear equalizer 
correction determination 1 22 includes suitable components 1 68 for down-converting, filtering, 
decimation, and the Hke. , . ._. t .. ti 

10 A digital broadcast transmission system (60), comprising a power amplifier (66) that 

- amplifies an information signal, to a power .ley el to excite, an antenna to emit a broadcast signal. 
: An amplification prqcessirig circuitry (68, 70) process^the sigriaL ^The information signal is 
> - bandpass filtered. The power amplifier (66) causey npn-liyiear distortion to the information 
^ * ; sign?! The prcKr^sing circuitry (68, 70) causes Jm^ A 
15 single, memoryful filter (76) pre-distorts the i^prmation signal to compensate for all of the 
. linear 2nd ^on r lmear distortions. The nciemoryful filter (76) is. a yolterra filter. A memoryful 
filter (112) pre-distorts an information signal to compensate fprttnear distortion from a power 
v. amplifier-^ processing circuitry (104). 

r Linear dtetortion ^ is compensated by a linear 

20 equalizer (114). ; ; , c vv/j^V-.:\\ t w r --r.-- - • 
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Claims: ... 

1. A digital broadcast transmission system compVisiiig; signal provision means for 
providing an electrical information-conveying signal antenna means for emitting a broadcast 
signal that conveys the contents of the information signal, amplifier means for amplifying the 
5 information signal to a powfer level suitable to excite sM# antenna means to emit the broadcast 
signal, said amplifier mekhs' causing non-linear distortion to the information signal signal 
processing means" for processing the inf onfration signal^ including filter means for filtering the 
information signal, said sig^ ptocessing me^iis causing linear distortion to the information 
signal, and a single corrector for pre-distorting the information signal to compevisate for the 
0 linear and^non-lirieM'diis^ittbhjs: 

''' 2. " A sy^feni Ss^trforth in claim 1 1; wherein skid single corrector is a vbiterra filter, 
and iii whith siaid ffl^ we^4nchides a pre-amp filter letted upstream of said amplifier 
' means and a p<^tampfttt^ filter, 
said amplifier mea^ 1x1 a 

5 sequence of linear, nort-lihear, itodlirieiar, : ' ^ **v u . ^ ., -,. 

" 3. A syste^daiined i^ l/wherein said corrector is located upstreain of said 
'• filter means and said amplifier means:-"' --v ; ^ > , . _ . ( , 

: 4;" : ^ A 

providing an ei^ctrickl iitfo^atidk^ means, 
20 located at the end of the signal stream, for emitting a broadcast signal that conveys the contents 
of the information signal, a plurality of components located along the signal stream between 
said signal provision means and said antenna means, said plurality of components causing 
distortion to the information signal, at least one of said plurality of components causing linear 
distortion to the information signal and at least one of said plurality of components causing non- 
25 linear distortion to the information signal, and a single corrector for pre-distorting the 
information signal to compensate for all of the distortion caused by said plurality of 
components. 

5. A system as claimed in claim 4, wherein said single corrector is a volterra filter, 
and in which said plurality of components includes an amplifier, a pre-amp filter located 

30 upstream of said amplifier, and a post-amp filter located downstream of said amplifier, said pre- 
amp filter, said amplifier, and said post-amp filter cause distortion to the information signal in 
a sequence of linear, non-linear, and linear. 

6. A system as claimed in claim 4, wherein said corrector is located upstream of said 
pre-amp filter, said amplifier, and said post-amp filter. 
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7. A system as claimed in claim 4, including another component located along the 
signal stream between said signal provision means and said antenna means, said other 
component causing linear distortion to the information signal, and another corrector for pre- 
distorting the information signal to compensate for the distortion caused by said other 

5 component, and said other component includes a high-power filter. 

8. A method of .traivsmitting a broadcast signal ;from a digital transmitter, said 
method comprising providing an information signal in digital format/ converting the 
information signal to analog format amplifying the analog information signal, said step of 
ampufyfeg^i^^«ttsingi^-Knei» distortion to the-mfprmation signal, filtering the analog 

10 miJrmation : sighal prior to said step of amplifying, said step of filtering prior to amplifying 
includes causing lmear^distortion to the information signal, filtering the analog information 
signal after said step of a^plifylngtfi 

distortion to the information signal, and correcting the linear and non-linear distortion in a 

single corrector. . - • •- ----- 

; 9. — A method as"claimed: in d^um£ wherein said step of correction includes 

determining a pre-distortion to be 'imposed onto ^ information signal. 

10. A method as claimed in claim 8, wherein said step ofdetermming a pre-distortion 
includes initially abstaining from imposing a pre^istortioh-ontb lm^ signal and 

determining distortion, xaused-by said steps of amplifying jnd filtering. 
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